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while comparing the actual injection speed V with the 
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tween S 0 and S 1 from the time when injection of molten 
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tween S-, and S 2 from the time when the molten resin 



reaches this side of the gate portion 46 up to the time 
when the molten resin reaches the inside of a cavity 3. 
The injection speed V is open- controlled to third preset 
speed V 3 in the section between S 2 and S 3 from the time 
when the molten resin reaches the inside of the cavity 
3 up to the time when injection of the molten resin is 
completed. Because a high injection speed can be se- 
cured and an injection speed change can be decreased, 
it is possible to decrease the frequency of a feed history 
appearing on the surface of a molded product. 
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becomes equal to first or second preset speed V-, or V 2 
while comparing the actual injection speed V with the 
first or second preset speed V-, or V 2 in the section be- 
tween S 0 and S-, from the time when injection of molten 
resin is started up to the time when the molten resin 
reaches this side of a gate portion 46 or the section be- 
tween S-, and S 2 from the time when the molten resin 



reaches this side of the gate portion 46 up to the time 
when the molten resin reaches the inside of a cavity 3. 
The injection speed V is open- controlled to third preset 
speed V 3 in the section between S 2 and S 3 from the time 
when the molten resin reaches the inside of the cavity 
3 up to the time when injection of the molten resin is 
completed. Because a high injection speed can be se- 
cured and an injection speed change can be decreased, 
it is possible to decrease the frequency of a feed history 
appearing on the surface of a molded product. 
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D scription 

The present invention relates to a lens injection- 
corn press ion -molding method for injection-molding a 
thermoplastic resin to form a lens (mainly, a spectacle 
lens). More particularly, the present invention relates to 
a lens injection-compression-molding method capable 
of forming a lens at a high accuracy and a high quality. 

An injection compression molding method is known 
as a method for forming a spectacle lens from a ther- 
moplastic resin. 

The injection compression molding method is a 
method of obtaining a spectacle lens by correcting the 
shrinkage of molten resin, clamping a die by leaving a 
margin for compression in a cavity for forming the spec- 
tacle lens in order to obtain a uniform and high shape 
accuracy, then injecting molten resin into the cavity for 
forming the spectacle lens, and thereafter compressing 
the margin for compression. 

To obtain a high-quality lens by the above injection 
compression molding method, it is important to control 
the position and speed of molten resin in the injection 
process. That is, it is important to accurately detect that 
the molten resin reaches the inside of a lens forming 
cavity and injecting the molten resin at a high speed and 
a constant speed. This is because, if the molten resin 
reaches the inside of the lens forming cavity and then 
the speed of the resin extremely changes in the cavity, 
the speed change in the cavity easily appears on the 
surface of a molded product as a wavy feed history. 

Use of the closed control has been attempted so far 
to control the position and speed of molten resin in the 
injection process. That is, a method of detecting an ac- 
tual injection speed to closed-control an injection speed 
while comparing the actual speed with a preset speed 
so that the deviation between the speeds is decreased 
to zero has been attempted. 

In the case of le ns formation, however, a time lag 
easily occurs between the movement of molten resin 
and a control system because an injection resistance is 
increased due to the shape of a lens or the flow property 
of molten resin. 

Therefore, when using the closed control for all 
processes as ever, a problem occurs that an injection 
speed change easily appears on the surface of a molded 
product as a feed history because an injection speed is 
controlled so as to fluctuate little by little so that the de- 
viation between an actual injection speed and a preset 
speed is decreased to zero. 

The present invention is made to solve the conven- 
tional problem and its object is to provide a lens injec- 
tion- compression-molding method making it possible to 
obtain a high-accuracy and high-quality lens. 

The first injection compression molding method of 
the present invention is a lens injection-compression- 
molding method of injecting molten resin into a molding 
body having at least one lens forming cavity, a runner 
communicating with the cavity, and a sprue communi- 



cating with the runner by an injection cylinder and more- 
over compression-molding the molten resin to form a 
lens, which is characterized by controlling the injection 
speed of the injection cylinder while comparing an actual 
5 injection speed of the injection cylinder with a preset 
speed in the section from the time when injection of the 
molten resin is started up to the time when the molten 
resin reaches the inside of the lens forming cavity so 
that the actual injection speed of the injection cylinder 
10 becomes equal to the preset speed and controlling the 
injection speed of the injection cylinder to the preset 
speed in the section from the time when the molten resin 
reaches the inside of the lens forming cavity up to the 
time when injection is completed. 
15 According to the above injection compression mold- 
ing method, it is possible to accurately inject molten res- 
in up to a position where the molten resin reaches the 
inside of a lens forming cavity because of controlling the 
injection speed of an injection cylinder while comparing 
20 an actual injection speed of the injection cylinder with a 
preset speed so that the actual injection speed of the 
injection cylinder becomes equal to the preset speed, 
that is, because of using the closed control. 

Moreover, because of controlling the injection 
speed of the injection cylinder to the preset speed in the 
section from the time when the molten resin reaches the 
inside of the lens forming cavity up to the time when the 
injection is completed, that is, because of using the open 
control, it is possible to reduce a speed change of the 
molten resin n the lens forming cavity. Therefore, it is 
possible to decrease the frequency of the phenomenon 
in which a feed history appears on the surface of a mold- 
ed product. 

The second injection compression molding method 
of the present invention is a lens injection-compression - 
molding method of injecting molten resin into a molding 
body having at least one lens forming cavity, a runner 
communicating with the cavity through a gate portion, 
and a sprue communicating with the runner and more- 
over, compression- molding the resin to form a lens, 
which is characterized by controlling the injection speed 
of the injection cylinder while comparing an actual injec- 
tion speed of the injection cylinder with a preset speed 
inf the section from the time when the injection of the 
molten resin is started up to the time when the molten 
resin reaches in the gate portion so that the actual speed 
of the injection cylinder becomes equal to the preset 
speed and controlling the injection speed of the injection 
cylinder to the preset speed in the section from the time 
when the molten resin reaches the inside of the lens 
forming cavity up to the time when the injection is com- 
pleted. 

According to the above injection compression mold- 
ing method, it is possible to accurately inject molten res- 
in up to a position where the molten resin reaches a gate 
portion because the close control is used in the section 
from the time when injection of the molten resin is start- 
ed up to the time when the molten resin reaches the gate 
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portion and moreover, it is possible to decrease a speed 
change of the molten resin in a lens forming cavity and 
the frequency of the phenomenon in which a feed history 
appears on the surface of a molded product because 
the open control is used in the section from the time s 
when the molten resin reaches the inside of the lens 
forming cavity up to the time when the injection is com- 
pleted. 

In this case, it is preferable to control the injection 
speed of an injection cylinder in the section from the time w 
when the molten resin reaches the inside of the lens 
forming cavity up to the time when injection of the molten 
resin is completed so that the injection speed is higher 
than the injection speed of the injection cylinder in the 
section from the time when the injection of the molten 15 
resin is started up to the time when the molten resin 
reaches the gate portion. 

Thus, because the molten resin is fed at a low speed 
up to a position where the molten resin reaches the gate 
portion, it is possible to accurately inject the molten resin 20 
up to the position of the gate portion. Moreover, it is pos- 
sible to decrease the frequency of the phenomenon in 
which a feed history appears because the molten resin 
is fed at a high speed after it reaches the inside of the 
lens forming cavity. 25 

Furthermore, though either closed control or open 
control can be used in the section from the time when 
the molten resin reaches the position of the gate portion 
up to the time when the molten resin reaches the inside 
of the lens forming cavity, that is, in the gate portion sec- 30 
tion, it is preferable to adjust an injection amount of the 
resin by temporarily lowering the injection speed of the 
injection cylinder up to a predetermined speed. 

Thus, it is possible to prevent the molten resin from 
suddenly entering the cavity because the injection 35 
speed of the molten resin is temporarily lowered and un- 
der this state, the resin enters the cavity. Therefore, it is 
possible to compensate smooth injection of the molten 
resin in which the mount of suction air is minimized and 
the behavior of the molten resin is not greatly changed. 40 

When forming a minus lens, the central portion of a 
cavity has a large flow resistance because the thickness 
of the central portion of the lens is smaller than that of 
the peripheral portion of the lens from the viewpoint of 
the property of the lens shape. Therefore, because mol- 45 
ten resin injected into the cavity does not easily flow 
through the central portion of the cavity and thus, its flow 
is divided and enters the cavity from the peripheral por- 
tion, there is a property that a weld mark easily occurs 
at the central portion. Therefore, special attention must so 
be paid for a feed history. 

The present applicant previously proposed an injec- 
tion compression molding method of forming a lens by 
setting a compression margin for forming a minus lens 
to a value larger than a compression margin for forming 55 
a plus lens (Japanese Patent Application No. 
315406/1995). Thereby, because the compression mar- 
gin for forming a minus lens is set to a value larger than 



the compression margin for forming a plus lens, the flow 
of molten resin reaching the inside of a cavity is not di- 
vided even when forming a minus lens but it enters the 
peripheral portion of the cavity by passing through the 
central portion of the cavity. Therefore, it is possible to 
inhibit a weld mark from occurring at the central portion. 

The third injection compression molding method of 
the present invention makes it possible to decrease an 
injection speed change while securing a high injection 
speed by assuming that a compression margin for form- 
ing a minus lens is set to a value larger than a compres- 
sion margin for forming a plus lens and an injection re- 
sistance is also decreased and moreover, using the 
open control in the section from the time when molten 
resin reaches the inside of a cavity up to the time when 
injection of the molten resin is completed. 

Specifically, the third method is a lens injection com- 
pression-molding method of forming a lens by setting a 
molding body having at least one lens forming cavity, a 
runner communicating with the cavity, and a sprue com- 
municating with the runner in an injection molding die, 
injecting molten resin into the molding body by an injec- 
tion cylinder and moreover compression-molding the 
molten resin, which is characterized by setting a com- 
pression margin for forming a minus lens to a value larg- 
er than a compression margin for forming a plus lens, 
controlling the injection speed of an injection cylinder so 
that an actual injection speed of the injection cylinder 
becomes equal to a present speed while comparing the 
actual injection speed of the injection cylinder with the 
preset speed in the section from the time when injection 
of the molten resin is started up to the time when the 
molten resin reaches the inside of the lens forming cav- 
ity, and controlling the injection speed of the injection 
cylinder to the preset speed in the section from the time 
when the molten resin reaches the inside of the lens 
forming cavity up to the time when injection of the molten 
resin is completed at the time of formation of the minus 
lens. 

According to the above injection compression mold- 
ing method, it is possible to decrease an injection speed 
change while securing a high injection speed because 
of. controlling the injection speed of an injection cylinder 
to a preset speed in the section from the time when mol- 
ten resin reaches the inside of a lens forming cavity up 
to the time when injection of the molten resin is complet- 
ed, that is, because the open control is used by assum- 
ing that a compression margin is set to a large value and 
an injection resistance is also decreased at the time of 
formation of a minus lens. Therefore, it is possible to 
decrease the frequency of the phenomenon in which a 
feed history appears on the surface of a molded product. 

In this case, it is preferable to control the injection 
speed of the injection cylinder so that an actual injection 
speed of the injection cylinder becomes equal to the pre- 
set speed while comparing the actual injection speed of 
the injection cylinder with the preset speed in the section 
from the time when the molten resin reaches the inside 
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of the lens forming cavity up to the time when injection 
of the molten resin is completed at the time of formation 
of a plus lens. 

When forming a plus lens, a compression margin is 
small and a gate structure narrowed to prevent a sink 
mark from occurring on a gate portion is used, a injection 
resistance is very large and therefore, it is estimated that 
a high injection speed cannot be obtained and a high- 
quality molded product cannot be obtained when using 
the open control. However, by using the above closed 
control, it is possible to secure a high injection speed. 

In the above case, it is preferable to control the in- 
jection speed of the injection cylinder so that the injec- 
tion speed differs in forming a minus low power lens and 
a minus high power lens and moreover, make the injec- 
tion speed for forming the minus high power lens lower 
than that for forming the minus low power lens. In this 
case, the minus high power lens is a lens of-4.00D or 
more. Thus, even when forming a minus high power lens 
having a difference between the thickness of the central 
portion and the thickness of the marginal portion larger 
than the case of forming a minus low power lens, it is 
possible to decrease a speed change of the molten resin 
in a lens forming cavity. Therefore, it is possible to de- 
crease the frequency of the phenomenon in which a 
feed history appears on the surface of a molded product. 

Moreover, it is preferable to set a compression mar- 
gin for forming a minus lens by clamping an injection 
molding die from an initial position where the compres- 
sion margin in a cavity is maximum up to a position 
where a set compression margin is left. 

As described above, it is necessary to set a com- 
pression margin for forming a minus lens to a value larg- 
er than a compression margin for forming a plus lens. 
In this case, however, if a compression margin for form- 
ing a minus lens is set by clamping an injection molding 
die from the initial position where the compression mar- 
gin in a cavity is maximum up to a position where the 
compression margin is decreased to zero and thereaf- 
ter, opening the injection molding die by a value equiv- 
alent to the above set compression margin, the distance 
for opening the injection molding die by a value equiva- 
lent to the set compression margin is increased and 
therefore, the efficiency is temporally lowered. There- 
fore, to solve the above problem, it is necessary to set 
a compression margin for forming a minus lens by 
clamping an injection molding die from an initial position 
where the compression margin in the cavity is maximum 
up to a position where a set compression margin is left. 

Moreover, when forming a minus lens, it is prefera- 
ble to start compressing a set compression margin be- 
fore injection of molten resin is completed. 

If a compression margin for forming a minus lens is 
set to a value larger than a compression margin for form- 
ing a plus lens, flow of molten resin stops while leaving 
a large unfilled portion in a cavity when injection of the 
molten resin is completed and thereby, a feed history 
called a flow mark easily occurs at the critical portion 



between a filled potion and an unfilled portion of a lens 
molded after the pressuring process. However, when 
staring the compression of a set compression margin 
before the injection of the molten resin is completed, the 

s volume of the cavity is reduced before injection of the 
molten resin is completed and therefore, the flow prop- 
erty of the molten resin is improved and a large unfilled 
portion is rarely left in the cavity when injection of the 
molten resin is completed. Thus, it is possible to prevent 

10 a flow mark from occurring. 

In the accompanying drawings:- 

Figure 1 is an illustration showing an injection com- 
pression molding equipment for an embodiment of 

15 the present invention; 

Figure 2 is a sectional view showing an injection 
molding die for the above embodiment; 
Figure 3 is a sectional view of the die in Fig. 2, taken 
along the line Ill-Ill in Fig. 2; 

20 Figure 4 is an illustration showing the relation be- 
tween injection speed and position in the case of 
the above embodiment; 

Figure 5 is an illustration showing a molded product 
obtained by the above embodiment; and 
25 Figure 6 is a flow chart for control of the injection 
process in the embodiment in Fig. 1 . 

An embodiment of the present invention is de- 
scribed below in detail by referring to the accompanying 

30 drawings. 

Figure 1 shows an injection compression molding 
equipment used for the lens (meniscus-shaped specta- 
cle lens) injection compression molding method of this 
embodiment. The material of the spectacle lens formed 

35 by the equipment uses a thermoplastic resin such as 
PMMA (poly methyl methacrylate) or PC (polycar- 
bonate). 

The injection compression molding equipment com- 
prises a clamping device 60 having an injection molding 

40 die 50, a plasticizing device 70 for plasticizing a material 
resin, an injection device 80 for weighing the molten res- 
in and injecting the molten resin into the injection mold- 
ing die 50, and a control device 90. 

The clamping device 60 comprises a fixed die plate 

4 5 61 , a cylinder fixing plate fixed to the fixed die plate 61 
through a plurality of tie bars 62 and mounting a clamp- 
ing cylinder 63, and a movable die plate 66 vertically 
movably set along the tie bars 62 and connected to a 
piston rod 65 of the clamping cylinder 63. The injection 

50 molding die 50 is set between the fixed die plate 61 and 
the movable die plate 66. 

The plasticizing device 70 comprises a plasticizing 
cylinder 74 for plasticizing a material resin supplied from 
a hopper 71 while sending the resin by a screw 72. The 

55 screw 72 is rotated by a hydraulic motor 75. 

The injection device 80 comprises an injection cyl- 
inder 82 including a plunger 81 , a hydraulic cylinder 83 
for sliding (vertically moving) the plunger 81 of the injec- 



4 



7 



EP 0 799 690 A2 



8 



tion cylinder 82, and a drive control circuit for controlling 
the oil pressure to be supplied to the hydraulic cylinder 
83 and controlling driving operations (including speed). 
A nozzle 85 is set to the front end (top) of the injection 
cylinder 82. A position sensor 87 and a speed sensor 
88 for detecting position P and speed V of a piston 86 
of the hydraulic cylinder 83 (plunger 81 of the injection 
cylinder 82) are set to the bottom of the hydraulic cylin- 
der 83. 

The control device 90 controls the drive control cir- 
cuit 84 in accordance with signals P and V sent from the 
position sensor 87 and the speed sensor 88. 

Figure 2 is a sectional view of the injection molding 
die 50 and Figure 3 is a sectional view of the die 50 in 
Fig. 2, taken along the line Ill-Ill in Fig. 2. The injection 
molding die 50 is provided with an upper die (movable 
die) 1 and a lower die (fixed die) 2 divided at a parting 
line PL as shown in Fig. 2 and two spectacle-lens form- 
ing cavities 3 and a runner 49 communicating with these 
two spectacle-lens forming cavities through a gate por- 
tion 46 is formed between the upper and lower dies. A 
sprue 48 formed by a sprue bushing 47 is formed per- 
pendicularly to the runner 49. A molding body 45 is 
formed there which has two spectacle-lens formingcav- 
ities 3, gate portion 46, and sprue 48. 

The die body 4 of a upper die 1 comprises an insert 
guide member 5 and die plates 6 and 7. The die body 8 
of a lower die 2 comprises an insert guide member 9 
and a die plate 10. An insert guide 11 and an lower die 
insert 12 for forming the cavity 3 are set in the insert 
guide members 5 and 9 so that they can slide perpen- 
dicularly to the parting line PL. 

The die body 8 of the lower die 1 is fixed to a mold 
attaching member 1 5 fixed to the fixed die plate 61 . The 
die body 4 of the upper die 1 is connected to a mold 
attaching member 16 comprising a upper member 16A 
and a lower member 16B by a bolt 17 shown in Fig. 3 
and a coned disk spring 17A inserted into the outer pe- 
riphery of the bolt 17 is set between the die body 4 and 
the mold attaching member 16. The mold attaching 
member 16 is fixed to the movable die plate 66 so that 
a downward clamping force of the clamping cylinder 63 
works. on it. 

A space S is formed between the die body 4 and 
the mold attaching member 16 so that the die body 4 
and the mold attaching member 16 are vertically opened 
or closed by the value equivalent to the space S while 
being guided by a guide pin 18. Moreover, a not-illus- 
trated slight-opening cylinder is set under the mold at- 
taching member 15 and the space S is formed because 
the mold attaching member 16 is raised by the slight- 
opening cylinder against the clamping force of the 
clamping cylinder 63. 

A downward hydraulic cylinder 1 9 is set to the mold 
attaching member 16 so that the cylinder 1 9 can be ver- 
tically moved. A piston rod 21 connected to a piston 20 
of the hydraulic cylinder 1 9 passes through a back insert 
22 fixed to the bottom of the cylinder 1 9 and has a T- 



shaped cramp member 23 at its front end. The T-shaped 
cramp member 23 is removably engaged with a T- 
shaped groove 24 formed on the top end face of the in- 
sert guide 11. 

s The mold attaching member 15 is provided with an 
upward hydraulic cylinder 26. A piston rod 28 connected 
to a piston 27 of the hydraulic cylinder 26 passes 
through the mold attaching member 15 and has a T- 
shaped cram member 29 at its front end. The T-shaped 

10 cramp member 29 is removably engaged with a T- 
shaped groove 30 formed on the bottom end face of the 
lower die insert 12. 

A pressure receiving member 32 is fixed to the top 
end of the hydraulic cylinder 19. When the pressure re- 

15 ceiving member 32 is lowered by an ejector rod 34 in- 
serted through a hole 33 formed on the mold attaching 
member 1 6 the hydraulic cylinder 1 9, back insert 22, and 
insert guide 11 are also lowered and a lens formed by 
the cavity 3 is protruded when the upper die 1 and the 

20 lower die 2 are separated. 

An ejector pin 35 is vertically movably set to the 
centers of the upper die 1 and the mold attaching mem- 
ber 16. A pressure receiving member 36 is fixed to the 
top end of the ejector pin 35. When the pressure receiv- 
es jng member 36 is lowered by an ejector pin 38 inserted 
through a hole 37 formed on the mold attaching member 
16, the ejector pin 35 is lowered. 

The spring force of a spring 40 wound around an 
eject return pin 39 upward works on the pressure receiv- 

30 jng member 32. Though not illustrated, the spring force 
of the spring wound around the eject return pin also 
works on the pressure receiving member 36 upward. 
Therefore, when the ejector rods 34 and 38 rise, the 
pressure receiving members 32 and 36 also rise to re- 

35 turn to the original positions. 

Then, functions of this embodiment are described 
below. 

First, the insert guide 1 1 and lower die insert 1 2 are 
replaced in accordance with the type of the lens to be 
40 formed. The insert guide 11 and lower die insert 12 are 
replaced by raising the upper die 1 including the mold 
attaching member 16 to remove it from the lower die 2. 
By lowering the piston rod 21 of the hydraulic cylinder 
1 9 and raising the piston rod 28 of the hydraulic cylinder 
45 26, T- shaped cramp members 23 and 29 set to the front 
ends of the piston rods 21 and 28 are made to protrude 
from the insert guides 5 and 9 respectively. 

The insert guide 11 and lower die insert 12 to be 
newly set to the die bodies 4 and 8 of the upper die 1 
50 and the lower die 2 are horizontally moved while holding 
them by a not-illustrated robot arm to engage the T- 
shaped groove 24 and 30 of the insert guide 11 and the 
lower die insert 12 with the T-shaped cramp members 
23 and 29. Thereafter, the piston rod 21 of the hydraulic 
55 cylinder 1 9 is raised to move the insert guide 11 upward 
and moreover, the piston rod 28 of the hydraulic cylinder 
26 is lowered to move the insert 21 upward. Thereby, 
the insert guide 11 and lower die insert 12 are fitted to 
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the insert guide members 5 and 9. 

Thus, the present insert is replaced with an insert 
having the cavity 3 with the central portion thickness 
larger than the peripheral portion thickness to form a 
plus lens and with an insert having the cavity 3 with the 
central portion thickness smaller than the peripheral 
portion thickness to form a minus lens respectively 

To form a lens, dies are closed in the states shown 
in Figs. 2 and 3. That is, the upper die 1 is lowered by 
the clamping cylinder 63, the die plate 6 of the upper die 
1 contacts the die plate 10 of the lower die 2, and the 
dies are closed so that the coned disk spring 1 7 A is not 
compressed. Under the above state, the space S is set 
to the maximum slight-opening degree. 

Then, a slight-opening degree (compression mar- 
gin) is set. In this case, a slight-opening degree S of 0.8 
mm or less is set to form a plus lens. To form a minus 
lens, a slight-opening degree S of more than 0.8 mm is 
set. That is, a compression margin for forming a minus 
lens is set to a value larger than a compression margin 
for forming a plus lens. 

When a plus lens is formed, that is, when a slight- 
opening degree S of 0.8 mm or less is set, the mold at- 
taching member 1 6 is further lowered by a clamping cyl- 
inder (in this case, the coned disk spring 17A is com- 
pressed) to completely eliminate the space S and there- 
after, the mold attaching member 1 6 is raised by a slight- 
opening cylinder against the spring force of the clamping 
cylinder by the set slight opening degree to set the slight- 
opening degree S. 

When a plus lens is formed, that is, when a slight- 
opening degree S larger than 0.8 mm is set, the mold 
attaching member 16 is lowered by a clamping cylinder 
up to a position when the set slight-opening degree S is 
left (in this case, the coned disk spring 17A is com- 
pressed) to stop the member 16 at the position and set 
the slight-opening degree S. Thereby, it is possible to 
quickly and efficiently set a compression margin even 
when forming a minus lens. Then, a molted resin plas- 
ticize by the plasticizing device 70 is injected into the 
cavity 3 by the injection cylinder 82 of the injection de- 
vice 80 through the nozzle 85, sprue 48, runner 49, and 
gate portion 46 while measuring the molten resin by the 
cylinder 82. 

In this case, the control device 90 controls the 
speed V (injection speed) of the plunger 81 of the injec- 
tion cylinder 82 so as to approximate to the speed shown 
in Fig. 4. In Fig. 4, symbol (A) denotes a case of forming 
a minus lens with a lens degree of -4.00D, a central por- 
tion thickness of 1.4 mm, and a marginal portion thick- 
ness of 1 .4 mm, (B) denotes a case of forming a minus 
lens with a lens degree of -2.00D, a central portion thick- 
ness of 1 .4 mm, and a marginal portion thickness of 4.8 
mm, (C) denotes a case of forming a plus lens with a 
lens degree of +2.00D, a central portion thickness of 4.2 
mm, and a marginal portion thickness of 1.0 mm, and 
(D) denotes a case of forming a semifinished lens with 
a plano-convex surface base cap of 3.00, a central por- 



tion thickness of 5.4 mm, and a marginal portion thick- 
ness of 5.8 mm. 

That is, in the case of (A), the injection speed V is 
controlled so that the speed V becomes equal to first set 

5 speed V 1A in the section from the time when injection of 
molten resin is started up to the time when the molten 
resin reaches this side of the gate portion 46 (section 
between S 0 and Si shown in Fig. 5), so that the speed 
V becomes equal to second set speed in the section 

10 from the time when the molten resin reaches this side 
of the gate portion 46 up to the time when the molten 
resin reaches the inside of the cavity 3 (section between 
S-, and S 2 shown in Fig. 5), and so that the speed V 
becomes equal to third set speed V 3A in the section from 

15 the time when the molten resin reaches the inside of the 
cavity 3 up to the time when injection of the molten is 
completed (section between S 2 and S 3 shown in Fig. 5). 
Similarly, in the case of (B), (C), or (D), the injection 
speed V is controlled so that the speed Vbecomes equal 

20 to first set speed V 1B , V 1C , or V 1D in the section between 
S 0 and S-, , so that the speed V becomes equal to second 
set speed V 2B , V 2C , or V 2D in the section between S-, 
and S 2 , and so that the speed V becomes equal to third 
set speed V 3B , V 3C , or V 3D in the section between S 2 

25 and S 3 . 

Moreover, in Fig. 4, symbol P 0 denotes a position 
of the plunger 81 when injection of molten resin is start- 
ed, P-, denotes a position of the plunger 81 when the 
molten resin reaches this side of the gate portion 46, P 2 

30 denotes a position of the plunger 81 when the molten 
resin reaches the inside of the cavity 3, and P 3 denotes 
a position of the plunger 81 when injection of the molten 
resin is completed. These positions are detected by the 
position sensor 87. These positions P 0 , P lt and P 2 are 

35 previously obtained in accordance with the shape of a 
lens through calculation or experiments. 

Specifically, control is performed in accordance with 
the flow chart shown in Fig. 6. First, a command for the 
first set speed V-, is output to the drive control circuit 84 

40 and then, an acceleration or deceleration command is 
output to the drive control circuit 84 so that an actual 
injection speed V becomes equal to the first set speed 
while comparing speed data (actual injection speed 
- V) sent from the speed sensor 88 with the first set speed 

45 v., . At the same time as the above, it is checked whether 
position data P sent from the position sensor 87 reaches 
P-, to perform the closed control so that the actual injec- 
tion speed V becomes equal to the first set speed V-, 
until the position data P reaches P-,. Thereby, it is pos- 

50 sible to accurately inject molten resin up to the position 
Pi where the molten resin reaches this side of the gate 
portion 46. 

After the position data reaches P 1t that is, after the 
molten resin reaches this side of the gate portion 46, a 
55 command for the second set speed V 2 is output to the 
drive control circuit 84. Then, an acceleration or decel- 
eration command is output to the drive control circuit 84 
so that the actual injection speed V becomes equal to 
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the second set speed V 2 while comparing speed data 
(actual injection sp ed) sent from the speed sensor 88 
with the second set speed V 2 . At th same time as the 
above, it is checked whether the position data P sent 
from the position sensor 87 reaches P 2 to perform the 
closed control so that the actual injection speed V be- 
comes equal to the second set speed V 2 until the posi- 
tion data P reaches P 2 . Thereby, it is possible to slowly 
inject the molten resin from the position P n where the 
molten resin reaches this side of the gate portion 46 up 
to P 2 where the molten resin reaches the inside of the 
cavity 3. 

After the position data P reaches P 2 , that is, after 
the molten resin reaches the inside of the cavity 3, it is 
decided whether to form a plus lens or minus lens. When 
it is decided to form a plus lens, a command for the third 
set speed V 2 is output to the drive control circuit 84 and 
then, an acceleration or deceleration command is output 
to the drive control circuit 84 so that the actual injection 
speed V becomes equal to the third set speed V 3 while 
comparing the actual injection speed V with the third set 
speed V 3 . At the same time as the above, it is checked 
whether the position data P sent from the position sen- 
sor 87 reaches P 3 to perform the closed control so that 
the actual injection speed V becomes equal to the third 
set speed V 3 until the position data P reaches P 3 and 
stop the control when the position data P reaches P 3 , 
Thereby, when forming a plus lens, it is possible to inject 
the molten resin while secure a high injection speed. In 
this case, because the central portion of the cavity 3 
(central portion of the lens) has a large thickness and 
the molten resin reaching the inside of the cavity 3 
reaches the marginal portion by passing through the 
central portion of the cavity 3 (central portion of the 
lens), it is possible to inhibit a weld mark. 

When forming a minus lens, a commandforthe third 
set speed V 3 is output to the drive control circuit 84 
(open control) and then, it is checked whether the posi- 
tion data P sent from the position sensor 87 reaches P 3 
to stop the control when the position data P reaches P 3 . 
That is, when forming a minus lens, a slight-opening de- 
gree S larger than 0.8 mm is set and it is possible to 
decrease an injection speed change while securing a 
high injection speed even by using the above open con- 
trol because an injection resistance in a die is small. 
Therefore, an injection history appearing as an injection 
speed change on the surface of a molded product does 
not easily appear. Moreover, because the thickness of 
the central portion of the cavity 3 is set to a large value 
by setting a large slight-opening degree and molten res- 
in reaching the inside of the cavity 3 reaches the mar- 
ginal portion of the cavity 3 after passing through the 
central portion of the cavity 3 without being flow- divided, 
it is possible to inhibit a weld mark at the central portion 
and obtain a high-quality lens. 

When forming a plus lens, a nozzle is closed (for 
the closing mechanism, see the nozzle shut mechanism 
disclosed in Japanese Utility Model Publication No. 



27140/1995, Japanese Patent Publication No. 
44893/1993, and Japanese Patent Publication No. 
30608/1993 of the present applicant) and then, pres- 
sured (compressed). 

5 However, when forming a minus lens, pressuriza- 
tion (compression) is started before injection of molten 
resin is completed. Specifically, when approx. 90 to 95% 
of the molten resin to be injected is injected, pressuri- 
zation is started by the clamping cylinder 63. Finally, the 

io nozzle 85 is closed. 

Thus, a plus or minus lens is formed and then eject- 
ed. 

Therefore, the injection compression molding meth- 
od of this embodiment of injecting molten resin into the 

is molding body 45 having the lens forming cavity 3, the 
runner 49 communicating with the cavity 3 through the 
gate portion 46, and the sprue 48 communicating with 
the runner 49 by the injection cylinder 82 to compres- 
sion-mold a lens makes it possible to accurately inject 

20 the molten resin until the molten resin reaches the inside 
of the cavity 3 because the injection speed V is control- 
led so that the actual injection speed V becomes equal 
to the first or second set speed V 1 or V 2 while comparing 
the actual injection speed V with the preset first or sec- 

25 ond speed V-, or V 2 in the section between S 0 and S 2 
from the time when injection of the molten resin is start- 
ed up to the time when the molten resin reaches the in- 
side of the cavity 3, that is, the closed control is used. 
Moreover, in the case of the closed control, the in- 

30 jection speed V is temporarily lowered up to the second 
set speed V 2 by the gate portion (section between S-, 
and S2) in the section from the time when injection of 
the molten resin is started up to the time when the mol- 
ten resin reaches this side of the gate portion 46, it is 

35 possible to prevent the molten resin from suddenly en- 
tering the cavity 3. This makes it possible to compensate 
smooth injection of the molten resin in which the mount 
of suction air is minimized and the behavior of the molten 
resin is not greatly changed. 

^0 Furthermore, it is possible to decrease a molten- 
resin speed change in the cavity 3 because the injection 
speed V is controlled to the preset speed V 3 in the sec- 
tion between S 2 and S 3 from the time when the molten 
resin reaches the inside of the cavity 3 up to the time 

45 when injection of the molten resin is completed, that is, 
the open control is used. Therefore, it is possible to de- 
crease the frequency of the phenomenon in which a 
feed history appears on the surface of a molded product. 
Particularly, in the case of formation of a minus lens, be- 

50 cause the slight-opening degree S is set to a large value 
and an injection resistance is decreased, it is possible 
to decrease an injection speed change while securing 
a high injection speed even if the open control is used. 
Therefore, it is possible to decrease the frequency of the 

55 phenomenon in which a feed history appears on the sur- 
face of a molded product. 

Furthermore, in this case, as shown by (A) and (B) 
in Fig. 4, the injection speed of an injection cylinder is 
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controlled by changing the injection speed for forming a 
minus low power lens and a minus high power lens so 
that the injection spe d for forming a minus high power 
lens is smaller than that for forming a minus low power 
lens. Therefore, it is possible to decrease a molten-resin 5 
speed change in the lens forming cavity 3 even when 
forming a minus high power lens in which the difference 
between the central portion thickness and the marginal 
portion thickness is larger than the case of a minus low 
power lens. 

Furthermore, because compression of the slight- 
opening degree S is started before injection of molten 
resin is completed when forming a minus lens, the vol- 
ume of the cavity 3 is reduced before injection of the 
molten resin is completed and thus, a large unfilled por- 
tion is rarely left in the cavity 3 when injection of the mol- 
ten resin is completed. Therefore, it is also possible to 
prevent a flow mark from occurring. That is, if the slight- 
opening degree S is set to a large value, flow of the mol- 
ten resin stops while a large unfilled portion is left in the 
cavity 3 when injection of the molten resin is completed 
and therefore, a problem is considered that a flow mark 
easily occurs at the critical line between filled and un- 
filled portions. Moreover, by using this embodiment, it is 
possible to prevent a flow mark from occurring. 

Furthermore, it is possible to secure a high injection 
speed when forming a plus lens because an injection 
speed is controlled so that the actual injection speed V 
becomes equal to the third set speed V 3 while compar- 
ing the actual injection speed V with the third set speed 
V 3 in the section from the time when molten resin reach- 
es the inside of the cavity 3 up to the time when injection 
of the molten resin is completed when forming a plus 
lens, that is, the closed control is used. In this connec- 
tion, when forming a plus lens, the slight-opening de- 
gree S is small and a gate structure narrowed to prevent 
a sink mark from occurring at a gate portion is used, an 
injection resistance is very large and therefore, it is es- 
timated that a high injection speed is not obtained and 
a high-quality molded product is not obtained when us- 
ing the open control. 

Furthermore, because the injection speed V 3 in the 
section (between S 2 and S 3 ) from the time when molten 
resin reaches the inside of the cavity up to the time when 
injection of the molten resin is completed is set to a value 
larger than the injection speed V-, in the section (be- 
tween S 0 and from the time when injection of the 
molten resin is started up to the time when the molten 
resin reaches the gate portion 46. Therefore, because 
the molten resin is injected at a low speed up to a posi- 
tion where the molten resin reaches the gate portion 46, 
it is possible to accurately inject the molten resin up to 
the position of the gate portion 46. Moreover, because 
the molten resin is injected at a high speed after reach- 
ing the inside of the cavity, it is possible to further de- 
crease the frequency of the phenomenon in which a 
feed history appears. 

The above embodiment uses the die 50 having two 



spectacle-lens forming cavitie S 3 . Moreover, it is also 
possible to form a lens by using a die having one lens- 
forming cavity or three or more lens forming cavities. 

Moreover, though the above embodiment uses the 
closed control in the section between S 0 and S 2 from 
the time when injection of molten resin is started up to 
the time when the molten resin reaches the inside of the 
cavity 3, it is possible to use the closed control in the 
section between S 0 and from the time when injection 
of molten resin is started up to the time when the molten 
resin reaches this side of the gate portion 46 and the 
open control in the section between S 1 and S 2 (section 
of the gate portion 46) from the time when the molten 
resin reaches this side of the gate portion 46 up to the 
time when the molten resin reaches the inside of the 
cavity 3. 

Furthermore, though the above embodiment uses 
the speed sensor 88 in addition to the position sensor 
87, it is possible to compute speed in accordance with 
the relation between the position data sent from the po- 
sition sensor 87 and the time obtained from the position 
data without using the speed sensor 88. 

Furthermore, though the above embodiment sets a 
compression margin in accordance with a slight-open- 
ing degree formed between the die body 4 and the mold 
attaching member 16, it is possible to use other die. For 
example, it is possible to use a die having a structure in 
which a cavity core is formed so as to protrude in the 
cavity 3 and a compression margin is set from the posi- 
tion of the cavity core to perform compression by pro- 
truding the cavity core in the cavity 3. 

Furthermore, though the above embodiment sets a 
slight- opening degree to 0.8 mm or less for a plus lens 
and to a value larger than 0.8 mm for a minus lens, it is 
possible to optionally determine these values in accord- 
ance with the characteristic of a lens. 

Furthermore, though the above embodiment starts 
compression of the slight-opening degree S when mol- 
ten resin is injected up to 90 to 95% when forming a 
minus lens, it is possible to optionally determined the 
percentage in this case in accordance with the volume 
of the cavity 3, the type of resin, and the characteristic 
of a lens. 

A lens injection-compression-molding method of 
the present invention makes it possible to decrease an 
injection speed change while securing a high injection 
speed because of using controlling an injection speed 
to a preset value in the section from the time when mol- 
ten resin reaches the inside of a lens forming cavity up 
to the time when injection of the molten resin is complet- 
ed, that is, using the open control. Therefore, it is pos- 
sible to decrease the frequency of the phenomenon in 
which a feed history appears on the surface of a molded 
product and obtain a high-quality lens. 
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the injection speed of said injection cylinder is 
controlled to said preset speed in the section from 
the time when said motten resin reaches the inside 
of said lens forming cavity up to the time when in- 
s jection of said molten resin is completed. 

5. The lens injection-compression-rnolding method 
according to claim 4, wherein the injection speed of 
said injection cylinder in the section from the time 

to when said molten resin reaches the inside of said 
lens forming cavity up to the time when injection of 
said molten resin is completed is controlled so that 
said injection speed is made higher than the injec- 
tion speed of said injection cylinder in the section 
is from the time when injection of said molten resin is 
started up to the time when said molten resin reach- 
es said gate portion. 

6. The lens injection-compression-rnolding method 
20 according to claim 4, wherein the injection speed of 

said injection cylinder is controlled so that an actual 
injection speed of said injection cylinder becomes 
equal to a present speed while comparing said ac- 
tual injection speed with said preset speed in the 
25 section from the time when said molten resin reach- 
es said gate portion up to the time when said molten 
resin reaches the inside of said lens forming cavity. 

7. The lens injection-compression-molding method 
30 according to claim 6, wherein injection of said mol- 
ten resin is adjusted by temporarily lowering the in- 
jection speed of an injection cylinder up to a prede- 
termined speed in the section from the time when 
said molten resin reaches said gate portion up to 

35 the time when said molten resin reaches the inside 
of said lens forming cavity. 

8. The lens injection-compression-molding method 
according to claim 4, wherein the injection speed of 

40 an injection cylinder is controlled to a present speed 
in the section from the time when said molten resin 
reaches said gate portion up to the time when said 
molten resin reaches the inside of said lens forming 
cavity. 

45 

9. The lens injection-compression-molding method 
according to claim 8, wherein injection of said mol- 
ten resin is adjusted by temporarily lowering the in- 
jection speed of an injection cylinder up to a prede- 

50 termined speed in the section from the time when 
said molten resin reaches said gate portion up to 
the time when said molten resin reaches the inside 
of said lens forming cavity. 



15 

Claims 

1 . A lens injection-compression-molding method com- 
prising the steps of injecting molten resin into a 
molding body having at least one lens forming cav- 
ity, a runner communicating with said cavity, and a 
sprue communicating with said runner by an injec- 
tion cylinder and compression-molding said molten 
resin to form a lens; wherein 

the injection speed of said injection cylinder is 
controlled so that an actual injection speed of 
said injection cylinder becomes equal to a pre- 
set speed while comparing said actual injection 
speed with said preset speed in the section 
from the time when injection of said molten res- 
in is started up to the time when said molten 
resin reaches the inside of said lens forming 
cavity, and 

the injection speed of said injection cylinder is 
controlled to said preset speed in the section 
from the time when said molten resin reaches 
the inside of said lens forming cavity up to the 
time when injection of said molten resin is com- 
pleted. 

2. The lens injection-compression-molding method 
according to claim 1 , wherein said lens is a minus 
lens in which the thickness of the central portion is 
smaller than that of the marginal portion. 

3. The lens injection-compression-molding method 
according to claim 2, wherein the injection speed of 
an injection cylinder is controlled so that the injec- 
tion speed differs in forming a minus low power lens 
and a minus high power lens in the section from the 
time when said molten resin reaches the inside of 
said lens forming cavity up to the time when injec- 
tion of said molten resin is completed and the injec- 
tion speed in forming a minus high power lens is 
made lower than the injection speed in forming a 
minus low power lens. 

4. A lens injection-compression -molding method com- 
prising the steps of injecting molten resin into a 
molding body having at least one lens forming cav- 
ity, a runner communicating with said runner 
through a gate portion, and a sprue communicating 
with said runner by an injection cylinder and com- 
pression-molding said molten resin to form a lens; 
wherein the injection speed of said injection cylinder 
is controlled so that an actual injection speed of said 
injection cylinder becomes equal to a preset speed 
while comparing said actual injection speed with 
said preset speed in the section from the time when 
injection of said molten resin is started up to the time 
when said molten resin reaches said gate portion, 
and 



55 10. The lens injection-compression-molding method 
according to claim 4, wherein said lens is a minus 
lens in which the thickness of the central portion is 
smaller than that of the marginal portion. 
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11. The lens injection-compression-molding method 
according to claim 10, wherein the injection speed 
of an injection cylinder is controlled so that the in- 
jection speed differs in forming a minus low power 
lens and a minus high power lens in the section from 5 
the time when said molten resin reaches the inside 
of said lens forming cavity up to the time when in- 
jection of said molten resin is completed and the in- 
jection speed in forming a minus high power lens is 
made lower than the injection speed in forming a 10 
minus low power lens. 



jection speed in forming a minus high power lens is 
made lower than the injection speed in forming a 
minus low power lens. 

15. The lens injection-compression-molding method 
according to claim 14, wherein a compression mar- 
gin for forming a minus lens is set by clamping said 
injection molding die from an initial position where 
the compression margin in said cavity is maximum 
up to a position where said set compression margin 
is left. 



1 2. A lens injection-compression-molding method com- 
prising the steps of injecting molten resin into a 
molding body having at least one lens forming cav- 
ity, a runner communicating with said cavity, and a 
sprue communicating with said runner by an injec- 
tion cylinder and compression-molding said molten 
resin to form a lens; wherein 



16. The lens injection-compression-molding method 
according to claim 15, wherein the compression of 
15 said set compression margin is started before injec- 
tion of molten resin is completed. 



a compression margin for forming a minus lens 
is set to a val ue larger than a compression mar- 
gin for forming a plus lens, 
the injection speed of an injection cylinder is 
controlled so that an actual injection speed of 25 
said injection cylinder becomes equal to a" 
present speed while comparing said actual in- 
jection speed with said preset speed in the sec- 
tion from the time when injection of said molten 
resin is started up to the time when said molten 30 
resin reaches the inside of said lens forming 
cavity, and 

the injection speed of an injection cylinder is 
controlled to a preset speed in the section from 
the time when said molten resin reaches the in- 35 
side of said lens forming cavity up to the time 
when injection of said molten resin is completed 
when forming a minus lens. 



13. The lens injection-compression-molding method 40 
according to claim 12, wherein the injection speed 

of said injection cylinder is controlled so that an ac- 
tual injection speed of said injection cylinder be- 
comes equal to a preset speed while comparing 
said actual injection speed with said preset speed 45 
in the section from the time when said molten resin 
reaches the inside of said lens forming cavity up to 
the time when injection of said molten resin is com- 
pleted when forming a plus lens. 

50 

14. The lens injection-compression-molding method 
according to claim 12, wherein the injection speed 
of an injection cylinder is controlled so that the in- 
jection speed differs in forming a minus low power 
lens and a minus high power lens in the section from 55 
the time when said molten resin reaches the inside 

of said lens forming cavity up to the time when in- 
jection of said molten resin is completed and the in- 
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